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In orrlar to obtain infomation about the thermal behaviour of 


stacking farilts in f.c.c. metals, investigation vas carried c\it on 
99.999^ puribv ccpner using rr-raj’- diffraction technique. 


Patterson’s theory uas used to relate the shift in peak 
positions to the stac] ing fault probability. !!akinn- suitable approxi- 
mations regarding dislocation density, it was possible to work out 
the variation of the fractional parameter ( rp) v?ith temperature, 

in the temperature rcnge 300 K. to 127^ E. being the stacking 
fault energy at T° Hand , the one at rook temperature. 

The error Introduced due to the t hemal dependence of 
elastic constant and lattice parameter was eliminated. 


Stacking fault energy was found to be linearly decreasing 
with temperature, the law of variation being cfr / = 1.237:7-0.0008277, 

/i'rr 
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Li£r OF yTGLgas. 


Fig. 1 'axtendecl and unextended edge dislocation in a face centered 
cubic lattice. 


Fig. 2 ifector diagrams indicating the atomic motion resulting in 


andS 

slip. 



Fig. 4 

Extended node and 

extended dislocation. 


Fig. S 

High t cnpers. ti^re x-ray diffraction meter furnal 
sample set up. 

with 

Fig. 6 

Separation of 

from doublet. 


Fig. % 

Variation of fractional parameter ( yT 
tenroerature . / / ^ ' 

with 


INTI^DUCTION 


Th3 er;‘ 2 ^^als of faca-c^nt nre 
nincle ’’ji of lajeTF ef atJWR ia a close aackcc? arran^^r :‘pt^ c '^ns fci t’jtin" 
ihe tl]; planes of the lattice® 

?’oiT^al to these the ?8C|neiice of stackiiij fo]lo?rs 0 

three folt’ ’nttem that ray be reyresenled by the letter aequeace*** 
AbCABC n . . . 

In generaly any nertn-^^bati the r^erfect stacking order 

can be regarded as a stacking fa'"*!!’* Accord in^'^ly a stocking fault 
can be defined as tbe planar surface of separation between two regions 
of a crystal whihh have sane orientatioriy but do not form a continuous 
lattice# 


There are three types of faul fcs that are possible in 0 . face- 
centered cubic structure which are known as growth (or twin)y deforaa— 
tion (or intriiisic)^ and extrinsic stacking faults^ 

A fault in the stacking sequence occtiring in such a manner 
that the local pattern normnl to the slip plane becomes » ® ® #A13CACAI3C * 1 
the stacking pattern being the same bh 2 *'‘''ghoEt the crystal except at 

(1) 

the plane of the fault is designated as intrisie stacking faulfci 

A second perturbation in the perfect (lllj stacking order 
can occur leading to the se’^uence ^ » #A3CAC!XJAB3 and in this 

case the portions of the crystal in which the stacking pattern is 
the same are separated by an extraneous layers This fault is desig- 
nated as ^ extrinsic#^ 
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FirtbeTy tzdn or yror:th faults found hairing the sequence 
of stacMng * » 0 4»A3CA CIilC3 a rirror or hein^ pressnl:^ 

Of th2?8 it apoeara, deforrpation st?=^ckiii.ff Is ere of 
Sreatest iiiporfcance in the plastic defcj-^T^atiop of inetal? and alloys# 

The intrisic stacldii^ faiilla are of dir^^ct interest for the present study# 

The principal lattice vectors^ and therefore the siost likely 
F*nrgcr'*s vectors for disloca-^i ons in the f^CaC# structure are of the 

tj"p® ^<110> and CX<001>- , 

Since tbe energy of a o-^OOl^ dislocati on is donb'^e that of 

the energy of ^^10] dislocation, the dislocation of the fnr^er type 

are ipuch less favoured energetically and in fact have not been observod<* 

Figo (la) represents an edge-dislocation in an f,c»c* lattice* 

The "extra half plane" consists of two (llO) planes which ocenr in 

an *«.» sequence* Lovement of this unit dislocation by 

glide involves a successive displaceraent such that the unit A -t- B 

configuration is retained* An unit dislocation lying on the close 

packed planes con lower its energy by dissociating into the imperfect 

( 2 ) 

dislocation as predicted by Ileidenreich and Shockley • Considering 
the process of slip on tiie (ill) plane Fign (2) and Fig» (3), the 
vector b^ ( » a tl3^ ) defines one of the observed slip 
directions* However, as pointed out by Thompson and Millington'"'’ 
consideration of atoms as regid balls restricts the slip movement in a 
zig zag path of the type — ►€ — *-B, following the vectors 
Bg ( = f B C^iiH ) and ?3 ( = ^ alternately. 

This process of slip with displacement of atom B to C alters the 
stacking sequence of (ill) layers in the crystal* 


s 


In "th's ed'^e d"’ si ocr,t,i'’n in an !f»c»c» Ir.t.'ii'ce shoi.'D in 
Fig, (la), the tw nlanes consisting the inserted plane are 
separated hj half a 3 atiica ven tor, ""he elastic strain everrz’- 
of such a coiTiplete dislocation can he reduced if those two 
inserted planes are separated ^rosr each other as sho^'-n in Fig«(lb)* 
The edge of these two planes new foras a partial dislocation (the 
fact that the partial dislocations arc not of pure ed^e character 
has h »en neglected in the figure for siriplicity) , The dissocia- 
tion of complete Burgers vector into partials 
be represented by the reaction of the type 

I Liio] = I f 

which is energetically favoured, the energy being reduced from 
aV^- As these shockly partials separate out, a sheet 
of stacking fault is fortned in the slio plane between then and 
the energy of this fault prevents them from separating too far. 


Ifhen the distance ’ 


between thet" exceeds a few atom 
spacings, the total energy' of the fault is proportional to its 
area. Thus, if the ener©' per unit a>-ea of the fault is ‘ */’, 
the force per unit length exerted on the dislocations by the fault 
is also ^ The partials repel each other elastically, the 

force of repulsion 'F' being approximately given by, 


■p y /a (] 


%ix'r\ 
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0 ♦ H # Pf « 


-(l) 


where^'is tho sheer modulus and 'a' i s the lattice parameter. 
Although in a deformed crystal the individual pairs of partial 



dislocati cns are r^'t nacef’sa/il^ ir eraili'Hri”'r, f'e intei’nrl stresses 
oxertod t»y tba dislocatioiir, acting on ore anothar *,.'111 incraace the 
separation of seine rhile decreasing that of others*, A siisple 
calculation indicates that for a crystal free from external stress, 
the mean stress tending to change the partial s — separation — 
distance is ssero* 


Stacking faults can exert important irfluencs on the 


structural and nechnnical prope-tios of f«ca centerc'^’ cubic retals 

(3 

ond alloys* llccrystal ^ ization '' ’ ^ texture formtion ' ' and 

(s'' 

micror fcructure'’ can ho related tr the stacking fault energy of 

the material# I’/ork hardening s^reii fig loiv isnpera- 

(l2^ 

ture creep theories' ' also nredict a relationship between cross 
slip and stacking fault eno’"gj'» 


There are many methods both direct and indirect, for 
Irte-Tiririj the stacking fault energ;.’* The direct methods employ 
the transnissicn electron-^nicrcscony tzo'~~A?Z‘^s to observe stacking 
faults* Indirct methods ifhich arc based on the iriicr'-£ 0 ">^‘’c 
effects of stacking faults, include mersurements from X-ray diffrac- 
tion lines, temperature dependence of stress-strain curves, incremental 
creep method, tilt boundary and twin boundary methods# The direct 
methods are superior since they deal with only the individual 
defects* One such direct method is the following* 


Extended nodes 8ind coAracted nodes are observed in the 
network of dislocations lying on the (ill) planes* Each of the 
three unit dislocation lines which joins such a node is split into 
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two partic^ls' W'»cse I^urgers vectors arc comop to tbe 

other two split unit dislocations the ncdojr one io each^i 
tfhen the cotbipoh ‘^mrtials of tv’o split unit di si '^rahi ons lie on 
the same side of the iffdey an extended node ii foraed; when they 
lie on opposite si^es^ node is contracted^ The stacking 
fault energj^ can be evaluated by nioasurinp the radius of 
curvature 1 and the inscribed radius ' of the extended nodes. 


’^^helans 


( 13 ) 


simplest model 


predicts the relation 



SR. 

There has been several modificetions to this formula to lake 
into account the charac*'er of the dislocations (Howie and Swann) 
and the variation of the line tension ^vitb the node character 
(Tholen and Siems) as well as the interaction of the pnrtials. 

For actual analysis of the situation one may consult the reference. 
There can be errors introduced in the measurement in this method 
mainly due to the inaccuracy in the measurement of node radii and 
ambiguous of the node character* 


The limitation on this method arises because the nodes 

are visibly extended only for relatively low stacking fault 

energies, the upper limit being . cr. iO^ » This techninue 

Aa b 

can be successfully applied only over a small range of values of 
’“f*. If the stacking fault energj'^ is too high, the resolving 
power of the microscope is too low to permit a sufficiently 
accurate measurement of the radi-i of Curvatui'e of dislocation 
nodes* If ’ ^ ’ is too low, the nodes cannot be isolated because 


of extensive faulting, 
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Ai!ioa€^ iiidir'jct ujethoclsj^ I^tbj tecliiii«iiie 

is widely used to determine the stackin|t fault epcvp^j ef netals* 

The earlier X-‘'y studies of faulted metals were hc.?ed nn reasare- 
ment of X-ray peak breadths* kecent studies proTid the 

really important am! interesting features the diff ^’action patterns 
are second order features^ such as the precise peakshape^ small 
peak displacements and as5'^'’^^triesjr which are completely 

missed by working only ’i'ith peak breadths# 

Deformation faults produce a rh^ft of position i'f the 

/ 1 r\ 

peak'^ rhare-aatwin faults cause the line profile to becor-e 
(ig'l 

heme ? «*hift in the centre of gravity# In 
addition to the broadening due to the peaks of cold 

T/orkod f»c»Co metals are broadened hy a reduction in the size of 
coherently diffracting domains as well as by the distortion ^mthin 


( 16 ) 


The asynmetry may also be produced by tlie 


each domain 

(l7) 

segregation of solufces at the stacking faults in case of alloys 

and this will be very small if the scattering povw^rs of PLlute and 

{ 

solvent atoms are similart Ifarrcn and Averbeach^s' ^ method of 
Fourier analysis of line shapes provides information concerning 
the effective particle size ’De^ the root naan scpiare strrin 

coffiponenfcs the cowiwun'? fault probahil^+y (l»5oC*c * jB) ) 


where oC stand for s+aching fault probaMlity and twin fault 

(l9> 

probability respecti^'’aly« Patterson's theory '' of the effect of 

stacking faults in f„c»c« materials on Bragg condition for diffrac- 

tion relate s the fault probability * QC^ to a shift in the Bragg 

* *0C*, tho stacking fault probability is defined as the fraction 

of the whole surface of the close packed planes occupied by the faults. 
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X— ray diffraction peak posi-fiion ^ 0 * betv.’een faulted and fault— free 
samples. '^nJy the essential results "f the theory that arc 
useful in the present formulation will be ^^iven here, a detailed 
analysis of the theory being given in the Appendix* 



The assumptions involved in the Patterson theory (such as 
the restriction of stacking faults to (til) planes only and a random 
distribution of them) have been examined previously in detail by 

(20) 

several workers * and have been found to be gene ""ally valid* 


Individual Jt-ray diffraction observations particularly 
those made v:ith a diffractometer may be subject to considerable 
instrumental error such as that due to the non-coincidence of the 
surface of tbs plane of the specimen with the axis of the diffracto- 
meter. For this reason it is nreferable to use the relative 
shift of the neaks of a pair of diffraction lines rather than to 
attempt to measure the shift of a single line as one changes from 
a faulted specimen to a fault— free specimen* 
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Gopsir’crir':: the relative shift of (hkl; and (h’k’l*) 
reflections nnd usin;* equation (s), v.'o have the lelation. 

If hhe faults are introduced by cold tvori: as su.7f^ested 
( 21) 

by Iiarret'' ^ then the peak shift betwoen anoealed and cold irorkcd 
sample is roJ-ted to the stackin|£ fault probability as^ 


( 2.0 


Hvo: 


tw 


(3.© 


V\V.«. 


2 - 6 .. 


v.^v:) 


f\VY 


\\(fo 


* O # « ^ 


(f>) 


nar /\ y\ ^ - "tt aC J 


,..{ 6 } 


or 

The pnra»T!eter is a function of the indices of the planes alone 
and varies only slightly vith cowposition (in case of alloyg) or 
temperaturee The values of 4 Jt > and are tabulated for 

(22) 

various pianos by 'Vagner' ■'. 


Itpia the dislocation dePsitp’’ in the faulted sample, 

Y| ribbn width between two pnrtials, and ’ (d* the interplanar 
spacing, then it can be seen that the stacking fault probability*^^ ' 
which is the ft action of slip planes that are faulted vrill be equal 
to: 




«> * p ft « 


(7) 


Using equations (l) and (?), tb stacking fault probability can be 
related to the stacking fault energy: 


(?G = 
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III ? strict s^ree the sfcackin^j f cjpf he oeIj^ 

frotp the simultaneous measaremoiits uT stacking f r\ii3 t proh^kility 
an:l €!i£lc^catioin In the absence sri'’ tie tecbnigiies 

for the measnrarent of in the s'^rple (as in the case of coll 


works!' -^iliEgs)^ by raking suitable 
ilislocation f^snsityj relative vrl^^n 
the values of 'oc* irorke! out from 


o •^' pr 0 xirn tiers c o p c o fb in g 
c of * Ti'ay b-^ obtaine! from 
peak s!ii"^t measureren Isd 


^SxteBFive studies ob the occurence of slocking f ml is 

in binary alloys based on the solvent copperj silver and 

gold have been marie using Zi-ray techninuo during tbe recent 
(2s 24 25 26^ 

years^ ^ these im^estigations pronoifnced 

increase of the degree of faulting with increesing solute content 

has been observed across the nrini'^^y solid solution range & It 

has been also noticed that 'the dependence of stacking fault 

parameter *CC* with solute concentration is either linear or roughly 

parabolic and the variation of * 0 G’ with composition is defcernined 

(l 

by certain factors^ In all these works, the stacking fault 

parameter at any composition is obtained from the relctiive peak 
shift between two reflections as one passes from cold ^/orkod sample 
(270 mesh product obtained from filing) to an annealed one# It 
any composition part of the sieved filings are used as cold worked 
sample in a * as filed^ condition and the other part of filings are 
given annealing treatment to form the annealed sample*. The varia-* 
tion of dislocation density (introduced due to filing) with 
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composition has he^n ne?'lcc"*'cr! on ths 2 ssu’'.ption that if the 
aiechanispi o’** filin'? T;crc to hp hy pi'^e up of disl'^cations, tha 
'iislccation I'lensit/ vrould he in'^’ependont of shear Trodulus* 

(2*’^ 

Measurements by 'Vagner on ^Vlraioium, filed under 
liquid nitrogen and measured at -IQC^C shot;ed m trace of peakshift* 
Jilun'inium is evidently an extreme example in which there are nc 

(27' 

stacking faults® Christian and Spreedborough^ '' measured a 
set of Ni-Co alloys, and found a deformation probability which was 
extremely small for Ni but increased rapidly v.ith increasing *Co’ 

(28) 

content. Warren and Ware Kois' ' made measurenents on qC -bi-ass 
filed at room temperature, and found deformation fault probabilities 
which increased with zinc content reaching a value of = 0*039 
at 35 percent Zn. These earlier investigations suggested that 
the stacking fault probability increases rapidly with increasing 

solute content, the variation of ^ with coE’position is primarily 
defined by the elect ron/atom »*atio, but that for a fixed electron/atora 
ratio, ' OC* increases as the solute valency increases and the 
increase of * ’is either linear or roughly parabolic., 

Though many 'exverM' anial and theoretical papers have dalt 
with stacking faults, ver;’’ little is yet known about the factors 
influencing the stacking fault-energy. Temperature is one of such 
factors, and a knowledge of temperature dependence of SFE is 
essential for a better understanding of material properties depen- 
dent on stacking fault energj''. 



TJnfartanately, of fche evaileble tscbEi^'^’ies ar^ not 

suitable for fchernal behairiour r>easrre!rent to a sufficiept accuracy# 

There are f 2 v attempts made in this direction^ Svann and 

{ 29 ) 

Nutting^ made an attenpt to measure the stacking fault ener.w 

of copper -7^^ aliiminitiiB alloy as a fiinction of t®!pcratizre» They 

could not detect any appreciable change in radius of curvature of 

o o 

extended nodes unto 275 C but at ?40 C a sharp incroase in the 

stacking fault ener<^y vas anparantly observod© ’^lowever^ on cooling 

down the node did not expand again which was attributed to an 

apparent irreversible change# It has been obsen’’ed that the 

stacking fault energj^ of silver decreases as the rature is 

(so 31^) 

increased^ ^ \ The observation was first made indirectly from 

measurements of critical shear stress at the onset of stage III 
hardening in bulk silver* The results were reported for temperature 
ranging from ITO^C to 880^11# The essential result was also 

inferred directly from the measTirements of radii of extended nodes 

(si'^ 

in silver foils thinnpfi from bulk Schwab' ' investigated the 

thermal behaviour of stacking faults in Graphite platelets by direct 

‘ v ' 

measurement and found that the essential temperature dependence of / 
in graphite is of the same order as that of ’k*^^ the elastic 
coefficient# 


It is of interest to extend the study to the temperature 
dependence of stacking fault energy* 

{32) 

Klein'’ ^ discussed the complications involved in employing 


a heavily deformed metal for the measurement of thermal behaviour of 


staddr.g by .k— rry technique® If the f^3 nc'ition density 


could be anprf^uiBiuted fi’om the iiiean square sirrio, i determined 

by ana^ysi*^ 2.— rry peal^" profiJeSi tben relation (t) becomes 

7' = A fe ^ , 


''C^J * a constant. "he unnsual extent of 

vsriatirn of stacking fault energ;: (bj' a factoi' of 4 within a ter.pe- 
ratdre range of 200^C in case nf Cu— Zn alloys by about a factor 
of 2 wif'in a terparature range of lOO^C in case of AU - Ag alloys) 
with annealing tewperotvira suggests that the valid constant *A’ 
i «• dislocation configuraHon denpudent is defendant 

on the annealing c^cle and annealing tonpera tares, of the heavily 
cold worked metals. This rules out the possibility of offiploying r. 
heax'ily cold worked material as a sample -for thermal behaviour 
investigations# 


The present -work consists in suitably employing Il-ray 
peak shift technique to evaluate the thermal behaviour of stacking 
faults in copper. 


A sample with constant dislocation density at different 
temperatures is equivalent to a sample with different stacking fault 
parameters having the faults attained their equilibrium widths at 
those twpcratu'nese The relative variation of the stacking fault 
parameter with respect to the one at room temperature can be obtained 
from the knowledge of the variation of peak shift relative to the 
peak positions at room temperature* From the knowledge of stacking 
fault energy at room tempc-ratcre worked out by earlier workers, it 
is possible to work out the fractional variation of stacking fault 


energy 7crr>ec+ to the room *^erperat*:re va^ne^ In t^oinf sOy 

the varSatieii of other pa.raKeters lihe latMce o'^ipone’ion and shear 
wodulir:? with ter^neratore a'^e t'y he token intn accounts iiigh none 
of the earlier vorlrs has taken into account the anij^o tropy of the 
lattJec and t!tG rariation of anisotropic elastic constant ndth 
tj'-'f'. Cy it vould be interesting and uore enacts if r/e could 
incorporate these factors also ir o*^v r of stacking 

fault energy* 


For an anisotropic lattice^ the e-^prespioe relating 

(33*^ 

the stacking fault energy; and fault r^dth as v,orkcr! out by Spence^' ‘ ^ 


IS* 


Tf- Xt-VsTT 


1 


I # « * * ( O)* 


1 


the scyiars tioc of 


"b being the Burgers vectrr of partials and 
P 

thema The anisotropic elastic coefficient is giver by 

X = (k^ + E^) - r. (e^ - K^) cosa <|5 ..*..(10) 

The angle is subtended at the dislocation axis by the cemplete 


Berger’s rector b 


- b . + b - 

pi p2 


The coefficientp E and IC are 

e s 


associated respectively rith tbs edge and sc’-ew components of the 


partial Burger's vectors b^^ and b^^, and are functions of the elastic 
coefficients Cij of the crystal* The relations are given by: 

K, - C-O] 


1. 

X. 


cxirt ci K e = CS-w'*' 


Tc^hk 


2_ 


.*(11) 
' 0 * (is) 


The superscript zero on the Cij indicates the normal elastic 
constertr referred to the crystal axes* 



In tl;a a'Nscnce jf sui taW 2 tcchnirmeK tr* *li'' sh 


befcY-een e'^'jo enr'’ screw ai slocata ors, it no;- "at be too uvrop^omhle 
to p.sp.r-2, that there are r.s rtan^r edge dielocstionr as there sre 
of f^e screw t;”’e« Undor snch ossun’p’’ ion, the ve’lue of K in the 


relation (lO) l}. 2 CO^t'‘ 3 S J 

/ 


jr 


fror (?} wa tha ^ 


i 


b'^ P d K a,= 

— •:- CjonSt- 

S-YTOC 




(2 3 ) 


considering the ratio between t’'<! rtaebing fanli energy value at any 
temperature ard the value at roon temperature, 



The values of be obtained from the knowledge of the relative 

shift in the pet’^ positions of any two f elected peaks and employing 
the pattesons equation. 


^oC 


T 


(AA 2 . 0 )^, the various parameters having the 


same meaning as explained earlier* 


Since the observed values of peak shifts at different 
teTneret-''*;? arc superimposed by the shifts introduced due to thermal 
expansion of the lattice, to get the shifts corresponding to the 
variation of stacking fault energy alone, the observed values should 
be corrected for contribution due to thermal exnansion* It my be 
recalled here, tbat the effect of thermal expansion of tbe lattice is 



ir 

to shift £>n pepjc positions toTOriis tha lov- 2 ^ vol *11,3, irhilc the 
rU'^ection of shift due to the vr-.rin^'ior of stocking fault energy'' 
is a f ’motion of the neak indiceso 



II EXimi^mTAL TECHNIQUE 


a) Preperation and motmting of the Sample 

Polycrystalline Copper of 99*999)6 purity obtained in the form 
of rods from AJD. Mack^ Incorporated N.Y. . was machined to semi-cylindrical 
shape with cylindrical base so that it can conveniently be housed in the 
refractoiy pedastal, of the high temperature Camera; as shown in the figure 
(5). 


The sample was sealed under Nitrogen gas in a I^ex glass tube 
and was annealed for 50 minutes at 300®C in a muffle furnace in order to 
remove the faults introduced due to mechanical working. 

The sample was mounted on the central refractory pedastal of the 
high temperature camera fitted on to the Diffractometer, so that the flat 
face of the specimen is exposed for X-rays* Provision for critical align- 
ment is made through three independent motions translation, rotation and 
tilt which are completely independent of furnace proper* 

B) Temperature Control ; 

Precise temperature control is made possible with the thermo- 
couple activated magnetic amplifier system provided, and the continuously 
proportining saturable core reactor unit permits smooth, stepless control* 

The heating chamber produces a zone of uniform temperature such 
that the sample face is maintained at less than + 2''’®C at 500®C and less 
than + 5®C at 1400®C* 
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Ihe sample temperatures were recorded hy a potentiometer using 
Platiniim - 10^ Eodium thermocouple. The accuracy of temperature measurement 
is estimated to be + 1®C. Oxidation of the sample was prevented by conti- 
nuous circulation of Nitrogen gas through the camera. The o utcoming gas 
was bubbled through oil to enstire continuous flow without leakage in the 
set up. 

C) Intensity measurements 

The line profiles of (ill) and (200) reflections were recorded 
at temperatures of 300®K, 393°K, 470.5®K, SaS.O^K, 623,0OK and 727“K 
{ + 1®K) with a General Electric proportional counter diffractometer 
equipped with X HD-G X-ray generator and SpG - 4 detector, using Ni_ 
filtered Cu - radiation. 

The line shapes were recorded manually and measurements were 
made of the diffracted intensity by point counting at intervals in 2 © 
varying from 0.1® in the general background to 0,01" near the maxima 
of the peaks, idiere G is the Bragg angle. 

To minimise the positioning errors, tbe measurements of both 
the peaks at each temperature were carried out in a single and continuous 
run. 

A beam slit of 3" with 0.1" detector was employed throughout 
the measurements. The point counting of intensity was done by employing 
a proportional counter using a time constant of one minute. 

The time taken for scanning the two peaks varied from 30 to 45 
minutes while the variation of the temperature of the fhmace during this 
period was of the order ± 1.5®C. 



Ill BESULTS Jm DISCUSSION 


' Beperation of QG-| from doublet aid calculating peak positions 

From the knowledge of the point coxmts, the line profiles of 
the peaks were graphically plotted. Bachingeri^^ method (given in the 
appendix) was employed to separate the (Xjpeak from the doublet. 

The point of maximum intensity cannot be taken as the position 
for peak maximum due to statistical fluctuations. 


Several methods have been proposed for obtaining the peak posi- 
tions graphically but each of them suffers from its o%m disadvantage and 
was subjected to criticism. However, in the present work the peak posi- 
tions of (ill) and (200) reflections were obtained by taking the mid - 
points of section lines drawn parallel to the background level and extra- 
pointing to the peak maximum as was done by several authors'' ’ 'recently. 
The method is illustrated in the appendix. The accuracy in the determi- 
nation of peak positions is estimated to be 0.05® in 2© value. Since 
the effect of thermal expansion of the lattice is to shift all reflec- 
tions to low 2 © value, the observed peak positions were corrected by 
adding the shift contribution in 2 0 value due to the rise in temperature 
and the values are given in table (2). 
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Computation of Peak Shifts 

On the assumption that the peak shift equivalent due to Stacking 
Fault Energy at room Temperature is 0.09® (in 2© ) as obtained Iqr Wagner^^^^ 
for 99,99^ Pure Copper, the relative peak shifts at various temperatures 
were ccmiputed. 


These results giving details of lattice parameter, observed 


2,1 


peak positions, corrected peak positions and relative peak shifts at 
various temperatures are tabulated in table (3). The ratio of Stacking 
fault energy at any temperature to the one at room temperature is 


h- 


1 1 T 

■rtj j 


The effective elastic constat K is related to the elastic coefficients 




as 


1 


K. =r ^ 











The values of elastic constants C^, and C^g measured for 99*99956 
pure Copper over the temperature range 300®K to about 800“K using the 
Conventional Ultrosonic Pulse-echo technique, were reported recently by 
Y»A, Chang and L. Himmel^ , Using these values, the effective elastic 
constant 'K' was calculated at various temperatures and is given in table 
No» (1). The values of the stacking fault probabilities at various 
temperatures have been arrived at by employing the Pattersons equation. 

A ^ H 


The values of stacking fault parameter * OQ't effective elastic constant 
'K' and the ratio of S.P.E at any teiiq)erature to the one at room tempera— 
txire, are given in Table (4) . It can be seen that the ^neral tendency 
is that the ratio ( \ is decreasing with temperature, similar to 

the nature of variation reported for Silver. * ' 



A best fit Straight line has been computed by least square 


method and the general law of variation was, 

found to be Ix =* 1.2377 - .000827 T 

where ’jjis the stacking fault energy at any temperature ' . 

T® K, iftT is the SP£ at room temperature. 

An intrinsic stacking fault in a f.c.c crystal can be regarded 
as two close packed planes of a hec.p phase, and a stacking fauit in 
h.c.p. as two close packed planes of a f.c.c phase. In a first approxi- 
mation SF£ per mole of stacking fault should then be equal to the 
difference in molar free energy between the f.c.c and h.c.p phases. 


The nature of variation of molar free energies of f.c.c and 
h.c.p phases with temperature should govern the thermal behaviour of 
Stacking fault energy. 


As is seen from table (4) the variation of 



is 


from 1 to .607 in the temperature interval 300®K to 727®£. This would 
mean a decrease of S.F.E from 67 ' '^ergs/cm to about 40*2 ergs/cm 
in the observed temperature range. 


The consequence of this variation of S.F.E with temperature 
is of considerable importance. 


Since the extended dislocation with the enclosed Stacking 
Fault takes part as a unit in the climb or the cross slip process, 
the variation of ti» stacking fault width with temperature should govern 
the temperature dependence of strength, ductility, recovery reorysta- 
lisation and texture orientation. 
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In principle, lowering of stacking fault energy hinders the 
softening process involving cross slip because of increase in equili- 
briuEi width. 


But this is true only when the property of the material is a 
function of stacking fault width alone and not influenced by temperattire. 
Since most of the mechanical properties have a direct dependence on 
temperature itself, apart from the dependence on stacking fault width, 
much cannot be directly concluded regarding the temperature dependence 
of property of the material frran the knowledge of thermal behaviour 
of stacking faults alone. 


Ihe absolute magnitudes of SFE worked out for a metal by 
various methods differ Iqr so much in magnitude, that we can probably 
say that the present methods of measurement or based on less well founded 
basis. In such cases, it would he more meaningful to talk about the 
thermal variation of fractional S.F, £ parameter 
ratio of S.F.E at any temperature to the one at room temperature* 

Css) 

As pointed out by Klein'' , the method of employing cold 
worked filings cannot be relied upon here since the relating constant 
between S.F.E and stacking fault probability is strongly dependent on 
dislocation configuration which in turn is a function of annealing 
cycle. 


To this extent, the present method claims more reliable 
results since by employing an annealed sample, the variation in the 
dislocation configuration can be ignored. 




Ll^gTATIOKS ON TIIE ESPSLlIVTIfrAL TECIINITdS 


I'he present experin’ental method suffers mainly from two 
disadvantages. 

The reduced intensities resulting from severe monochroma- 
tization as well as limitation on the si»e and form of the sample 
result in prohibitively long experimental runs. 

The statistical factors influencing the peak positions 

are: 

a) size of counting step 

b) sharpness of profile 

c) signal to background ratio 

d) counting rate 

The accuracy of a given peak maximum determination in terms 


of these statistical factors is not known 



CONGHJSIONS 


i’he patterson's theory which relates the stacking fault 
probability to the shift in peak maxima can conveniently be 
adopted to obtain a qualitative variation of S.F.E» with tem- 
perature. 

In doing so, correction for the thermal effects on 
elastic constant and lattice expansion should properly be 
incorporated* 


Stacking Fault finergy was found to' be linierly decreasing with 
temperature, the Law of variation being , 

W 

ll * 1.2377 - 0.000827 T 

where is the Stacking Fault Energy at temperature T® K and 
is the Stacking Fault Energy at room temperature. 
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p IG'|_2]vFCT0f? DIAGRAM/ iNDlCATING THF ATO^iC KOTiONS RESULTING IN SLIP FROL' COTTRELL, 
dislocations and plastic flow :N CRTSTALS, clarendon press, OXFORD, I9S3) 
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■APPENDIX 

A Co.utiiCriO.\' FOR THE <^2 DOUBLET IK TfES }ifSL4SUIiS'lENT OF WIDTHS 
OF X-RAY DIFFRACTION LINES A>© LOCATING THE PEAK MAXIiffPI OF 

CUMKJNENT 

In studies of particle size, lattice distortion and stacking 
fault effects in crystalline materials the measurement of X-ray 
diffraction line widths, an inherent difficulty is due to the 
doublet structure of the lines. These doublet components overlap when 
the line becomes broadened and the problem is to obtain the width of 
the stronger ^^/component in the presence of the CC^* 

The only date available for the measurement of the width of the 
single line are : 

(a) the intensity trace of the composite line 0Cz)t 

(b/ the separation of the doublet components which can be 

calculated from the spacing of the reflecting plane, the 
(Xif and wave-lengths, and the®* geometry of the appa- 
ratus; 

(c^ the ratio of intensity of that of which has 

been determined Iqr various workers and may be taken as 2. 

The position is illustrated in the accompanying figure in 
which is shown a plot of intensity (l) against film distance (x) for 
the ^^and ^^S^^con^onents of the diffraction line and their resultant 
sum OC-f* (JC^'the latter being the idealized photometer trace of the 


line 


^S9 


The OCj^md components may be represented respectively 
by the eiiuatious : 


* f ( X - d ) , 

(1) 

» i f ( X ) 

(2) 


where d is the doublet separation. 

The factor of oae-half in equation (2) is a consequence of 
the fact that 

(intensity of component)/(lntensity of component) = 2 
The peak intensity of the component is 
I = f ( a ) • 

The procedure is based on the following observation. It is 
obvious from equations (l) and (2) that if the intensity of the OCj 
component becomes effectively zero at x = c then the ^3?^ curve falls 
to zero at X = c -- d. Thus the resultant curve will be co- 

incident with the curve LM throughout the range c - d x ^ c. 

Then from this known part of the curve one can deduce the remaining 
shapes of the and component curves. 

The first step is as follows ; Divide the graph into rectan- 
gular strips by ordinates whose seperation is d, the first ordinate 
being the line x = c. These ordinates are shown dotted in the figure. 
The curve in the range c - 2d j^x ^ c - d can be constructed from 
the section of the photometer trace included between the lines x = c - d 
^ X = c (i.e, the curve LM) by reduction of the ordinates of LM by the 
factor of one-half and a translation of this curve through a distance 
of d in theQ- x^direction. Then the CCf curve in this range (MN) is 
obtained by subtraction of the CC^curve from the composite Q ^PCi t 3 
(i.e, the microphotometer trace). 


0 
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'i'hc procedure is then repeated, the curve in the range 
e - ;M X c - 2d being obtained by halving the ordinates of 
the CC, curve >!N and displacing this reduced curve a distance(^-d) . 

I'he curve in this range is then obtained by subtraction and the 
process is again repeated until the curve is cotapletely resolved. 
This construction of the {[^^cuive from that of the (X>-}hy reduction 
of the (X-j ordinates by one-half, followed by a translation of the 
reduced curve through a distance -d, is easily carried out using a 
parallel sided rule of width d (the doublet separation). The right- 
hand edge of the rule is laid parallel to the 1 axis intersecting 
the QC^ curve at a height ' h' above the ^x' axis. The corresponding 
point of the ^^curve is then located on the left-hand edge of the 
rule at a height(l/2 h^above the x axis. 

To find the peak maxima of the component , section lines 
are drawn parallel to the back-ground level and the mid points of 
these section lines are located. The extrapolation of these mid- 
points of the section lines drawn parallel to the back-ground level 
gives the peak maximum position as shown in Figure (t). 
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